Abstract. The importance of continuous temperature measurement in vacuum furnace to realize the temperature control of vacuum furnace is expounded by the universality of the vacuum furnace application and the control of the quality and process of the applied products. This paper briefly introduces the traditional method of high temperature measurement and control, compares the advantages of the single channel single channel double color ratio measurement method, and the temperature control scheme of the vacuum furnace using Smith intelligent control algorithm. It can effectively reduce the error of the temperature collection system, and make the end hit rate of the measurement of the temperature of different metals 3%. In addition, accurate control of vacuum furnace temperature is achieved.
Introduction
In modern technology, the vacuum heat treatment process has been widely applied to the steel manufacturing industry. Because of the particularity of the vacuum environment, it is impossible for people to measure the heat transfer between the workpiece in the vacuum heat treatment and the complex heat transfer between the surrounding medium. In the traditional temperature measurement and control of the vacuum heat treatment, most of the engineers adopt the experience estimation method and the thermocouple, and the cost of this kind of method is high, and the huge manpower and material resources are wasted. At present, this traditional method of research cannot meet the requirements of the development of modern manufacturing industry. Backward design ideas and methods have gradually become the bottleneck restricting the rapid development of modern manufacturing industry.
The temperature of the vacuum furnace in the field cannot be quickly heated to the target temperature. The fuzzy Smith intelligent control algorithm is a time delay prognosis compensation algorithm, which can solve the time delay problem in the temperature control system.
In order to meet the needs of the intelligent manufacturing industry, an intelligent instrument for real-time and accurate measurement and control of vacuum furnace temperature is urgently needed. In this paper, an intelligent instrument for measuring and controlling furnace temperature is designed to meet this trend. 
Measuring Principle
Compared with the traditional method of measuring temperature of contact thermocouple, the single channel single light path two color ratio temperature measurement method is used in this paper, and the non-contact method is used to measure temperature through the perspective window. The temperature is measured by comparing the wavelengths of infrared rays at different wavelengths of the molten steel in a vacuum furnace, which is greatly transformed in the structure of the software and the hardware relative to the previous infrared high temperature measurement. The experiment has also achieved good results.
The method of measuring temperature by dual color ratio is to measure the temperature by measuring the ratio of spectral radiance of thermal radiator at two or more than two wavelengths. It has high accuracy, quick response and small target observation (the minimum can reach 2mm). The monochromatic blackness coefficient of the actual object ƐλTand Total radiation blackening coefficient ƐT is difference. However, the ratio of monochromatic coefficient Ɛλ1TandƐλ2Tfor different wavelengths of the same object is very small. So, the temperature measured by the double color ratio thermometer is called the colorimetric temperature TS, which is very close to the real temperature T of the object, and generally cannot be corrected.
By the ven theorem (1), it is known that when the blackbody temperature changes, the maximum radiant ejection will move in the direction of increasing or decreasing the wavelength, which will change the brightness at the specified two wavelengths at λ1 and λ2, and the corresponding temperature values can be obtained by measuring the ratio.
For a blackbody with a temperature of T, the ratio of spectral radiance at wavelengths of lambda λ1 and lambda λ2 is R, according to the Wien theorem. (2) After the logarithm is taken
The upper form can be simplified to (4) In the formula,
It can be seen from the above formula that the formula (3) can be obtained. (5) According to the definition of Colorimetric Thermometer, the relationship between the real temperature of the object and the colorimetric temperature can be further obtained.as follows: (6) In the form, Ɛλ1T and Ɛλ2T are the monochromatic coefficients of objects at λ1 and λ2 respectively. T is the real temperature of the object, and TS is the colorimetric temperature of the object.
The schematic diagram of the thermometer is shown in Fig. 2 . The method of measuring the vacuum furnace adopts the single channel single optical path double color ratio temperature measurement method. Effective elimination of external dust, temperature and other environmental interference factors, the measured data through fuzzy control algorithm can be more accurate. The transmitting part of the data is transmitted by infrared mode. The power supply part adopts wireless power supply, and the rotary motor adopts brushless DC motor. The fuzzy algorithm is used in the thermometer of this paper. The block diagram of fuzzy controller is shown in Figure 3 . It consists of three parts: fuzzification, fuzzy reasoning and nonfuzzification, and the three is based on knowledge base. First, according to the actual temperature measured by the thermocouple in vacuum furnace as the standard temperature, it is used as the basis for building knowledge base. The measured value of the thermometer is taken as input, and is fuzzed, fuzzy and defuzzification. 
Control Section
A schematic diagram of the overall temperature control in vacuum furnace is shown in Fig. 5 :The temperature actual value of the vacuum furnace is sent to the MCU end by the thermometer, and the corresponding control amount is calculated by the Smith intelligent control algorithm written by MCU, then the D/A converter is transformed into the current, and the conduction angle of the thyristor is controlled by the trigger, thus the current size in the vacuum wire is changed and the purpose of controlling the furnace temperature is achieved. Figure 5 . Schematic diagram of temperature control structure Through the temperature measured by the thermometer, the measured temperature is transferred to the temperature controller of the furnace body of the vacuum furnace, because the time delay and the pure hysteresis are the most common factors affecting the control system in the industrial production. In the vacuum furnace temperature control system, the existence of time delay and pure hysteresis not only affects the temperature control accuracy of the vacuum furnace, but also affects its working efficiency and product yield. The principle of temperature control with pure hysteresis is shown in Figure 6 . The Gc (s) in the diagram is a temperature-controlled transfer function. G 0 (s)e -τs or the transfer function of the controlled object, the partial transfer function without pure delay is G0 (s), while the transfer function with pure delay part is e -τs .
According to the analysis of closed loop transfer function of vacuum furnace temperature control, the function can be identified as:
The characteristic equation of closed loop transfer function of vacuum furnace temperature control system is:
From the formula (8), it is known that in the closed loop traditional function characteristic equation of the temperature control system, the e -τs terms of the transfer function with the pure lag part, that is, the pure lag link of the system, affect the stability of the temperature control system of the vacuum furnace.
According to the Smith prestimation compensation control method proposed by O. J. Smith, for example, after the temperature control transfer function and the N determination treatment before the pure lag remission, the ideal temperature control system will be formed, and the temperature control transfer function of the vacuum furnace under the ideal state is as follows:
The characteristic equation of closed loop transfer function of vacuum furnace temperature control system under ideal condition is:
At this time, the G0 (s) output signal in the temperature control system is the feedback signal of the system, the vacuum furnace temperature control system under the ideal state, the G0 (s) feedback signal is ahead of the time of tau. According to formula (4), after controlling the vacuum furnace temperature control system, the control quality of the system has been greatly improved. Therefore, in the process of the actual vacuum furnace temperature control system, the Smith prediction compensation control system will be introduced to obtain the ideal control state after the transfer of the pure hysteresis loop of the vacuum furnace temperature control system, to improve the control quality of the temperature control system and to accelerate the response time of the temperature control system.
Experimental Analysis:
The optical path is an important factor affecting the temperature accuracy of the thermometer. The experiment adopts a single optical path, and the motor's no-load speed is 5730r/min. The distance is also fixed in 1cm because of the wireless charging and distance. Figure 7 is the data that is not checked before the temperature measurement. Figure 7 . Trend map of uncorrected pre-measurement data From the curve of the graph, it can be seen that the monotonicity of the function obtained by the thermometer can be monotonous, but the real time accuracy of the data is very poor, and the temperature of the vacuum furnace cannot be reacted in real time. The measured temperature data are processed by fuzzy control algorithm, and the data obtained are shown in Figure 8 . Figure 8 . Trend map of revised measurement data The final hit rate of the measured data is less than 3%, and the temperature of the metal in the vacuum furnace can be measured in real time. On the basis of the accurate measurement of the temperature of the metal in the furnace, the data is transmitted to the temperature controller of the vacuum furnace in real time, and the Smith compensation control system is used. The temperature of the heating furnace of the vacuum furnace can reach the specified temperature quickly, as shown in Table 1 . 
Conclusion
After the analysis of the experimental data and the actual experimental results, the measured temperature can be displayed more accurately and quickly through the comparison and analysis with the thermometer without the algorithm. The proposed method only effectively improves the error of the measurement of the optical path and makes some optimization in the circuit. At the same time, the technology has a major breakthrough in the practical aspect, the shape of the processed product and the improved space. If the improved technology is combined with the design, it will make it possible to do it. The products that come out can be widely used.
